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Abstract. We will present a summary of the observations of blazars by the
Energetic Gamma Ray Experiment Telescope (EGRET) on the Compton
Gamma Ray Observatory (CGRO). EGRET has detected high energy γ-
ray emission at energies greater than 100 MeV from more that 50 blazars.
These sources show inferred isotropic luminosities as large as 3× 1049 ergs
s−1. One of the most remarkable characteristics of the EGRET observations
is that the γ-ray luminosity often dominates the bolometric power of the
blazar. A few of the blazars are seen to exhibit variability on very short
time-scales of one day or less. The combination of high luminosities and
time variations seen in the γ-ray data indicate that γ-rays are an important
component of the relativistic jet thought to characterize blazars. Currently
most models for blazars involve a beaming scenario. In leptonic models,
where electrons are the primary accelerated particles, γ-ray emission is
believed to be due to inverse Compton scattering of low energy photons,
although opinions differ as to the source of the soft photons. Hardronic
models involve secondary production or photomeson production followed
by pair cascades, and predict associated neutrino production.
1. Introduction
One of the most striking accomplishments of the Energetic Gamma Ray
Experiment Telescope (EGRET) instrument on the Compton Gamma-Ray
Observatory (CGRO) is the detection of high-energy γ-rays from active
galaxies whose emission at most wavebands is dominated by non-thermal
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processes. These objects, called “blazars,” are highly variable at most fre-
quencies and are bright radio sources. Prior to the launch of CGRO, 3C
273, discovered by COS-B (Swanenburg et al. 1978), was the only known
extragalactic source of γ-rays. Since then, EGRET has detected more than
50 blazars in high energy (> 100 MeV) γ-rays (Mukherjee et al. 1997;
Thompson et al. 1995; 1996).
The blazars detected by EGRET all share the common characteristic
that they are radio-loud, flat-spectrum radio sources, with radio spectral
indices αr ≥ −0.6 (von Montigny et al. 1995). Several of these blazars are
known to demonstrate superluminal motion of components resolved with
VLBI (3C 279, 3C 273, 3C 454.3, PKS 0528+134, for example). The blazar
class of active galactic nuclei (AGN) includes BL Lac objects, highly polar-
ized quasars (HPQ), or optically violent variable (OVV) quasars and are
characterized by one or more of the properties of this source class, namely,
a non-thermal continuum spectrum, a flat radio spectrum, strong variabil-
ity and optical polarization. For many of the EGRET-detected blazars, the
γ-ray energy flux is dominant over the flux in lower energy bands. The
redshifts of these sources range from 0.03 to 2.28 and the average photon
spectral index, assuming a simple power law fit to the spectrum, is ∼ 2.2.
Many of the blazars exhibit variability in their γ-ray flux on timescales
of several days to months. In addition, blazars exhibit strong and rapid
variability in both optical and radio wavelengths.
Of the 51 blazars reviewed here, 14 are BL Lac objects, and the rest
are flat spectrum radio quasars (FSRQs). BL Lac objects generally have
stronger polarization and weaker optical lines. In fact, some BL Lac ob-
jects have no redshift determination because they have no identified lines
above their optical continuum. FSRQs are generally more distant and more
luminous compared to the BL Lac objects.
This review summarizes the present knowledge on γ-ray observations of
blazars by EGRET. A brief description of the EGRET instrument and data
analysis techniques, and the list of blazars detected by EGRET is given in
§2. Temporal variations and γ-ray luminosity of blazars are discussed in
§§3 & 4. Section 5 describes the spectral energy distribution of blazars and
summarizes the various models that have been proposed to explain the
γ-ray emission in blazars.
2. EGRET observations and analysis
2.1. THE EGRET INSTRUMENT
EGRET is a γ-ray telescope that is sensitive in the energy range ∼ 30 MeV
to 30 GeV. It has the standard components of a high-energy γ-ray instru-
ment: an anticoincidence dome to discriminate against charged particles,
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a spark chamber particle track detector with interspersed high-Z material
to convert the γ-rays into electron-positron pairs, a triggering telescope to
detect the presence of the pair with the correct direction of motion, and
an energy measurement system, which in the case of EGRET is a NaI(Tl)
crystal. EGRET has an effective area of 1500 cm2 in the energy range 0.2
GeV to 1 GeV, decreasing to about one-half the on-axis value at 18◦ off-axis
and to one-sixth at 30◦. The instrument is described in details by Hughes et
al. (1980) and Kanbach et al. (1988, 1989) and the preflight and postflight
calibrations are given by Thompson et al. (1993) and Esposito et al. (1998),
respectively.
Although EGRET records individual photons in the energy range 30
MeV to about 30 GeV, there are several instrumental characteristics that
limit the energy range for which time variation investigations of blazars
are viable. At the low end of the energy range, below ∼ 70 MeV, there are
systematic uncertainties that make the spectral information marginally use-
ful. In addition, the deteriorating point spread function (PSF) and energy
resolution at low energies, make analysis more difficult. At high energies,
although the systematic uncertainties are reduced, and the PSF and energy
resolution are more reasonable, because of the steeply falling spectra, few
photons are detected above 5 GeV.
The angular resolution of EGRET is energy dependent, varying from
about 8◦ at 60 MeV to 0.4◦ above 3 GeV (68% containment). The positions
of sources are detected with varying accuracy: better than 0.1◦ for the very
bright sources, or at least 0.5◦ for sources just above the detection threshold.
The threshold sensitivity of EGRET (> 100 MeV) for a single observa-
tion is ∼ 3× 10−7 photons cm−2 s−1, and is only about a factor of 50-100
below the maximum blazar flux ever observed. The dynamic range for most
observations of blazar variations is, therefore, fairly small.
2.2. EGRET DATA ANALYSIS
The blazars described here were typically observed by EGRET for a period
of 1 to 2 weeks; however, several of them were observed for 3 to 5.5 weeks.
Following the standard EGRET processing of individual γ-ray events, sum-
mary event files were produced with γ-ray arrival times, directions and
energies. For the observations reported here, photons coming from direc-
tions greater than 30◦ from the center of the field of view (FOV) were not
used, in order to restrict the analysis to photons with the best energy and
position determinations. In addition, exposure history files were produced
containing information on the instrument’s mode of operation and point-
ing. These maps were used to generate skymaps of counts and intensity for
the entire field of view for each observation, using a grid of 0.5◦×0.5◦. The
4 R. MUKHERJEE
intensity maps were derived simply by dividing the counts by the exposure.
The EGRET data processing techniques are described further by Bertsch
et al. (1989).
The number of source photons, distributed according to the instrument
PSF in excess of the diffuse background, was optimized. An E−2 photon
spectrum was initially assumed for the source search. The background dif-
fuse radiation was taken to be a combination of a Galactic component
caused by cosmic ray interactions in atomic and molecular hydrogen gas
(Hunter et al. 1997), as well as an almost uniformly distributed component
that is believed to be of extragalactic origin (Sreekumar et al. 1998).
The data were analyzed using the method of maximum likelihood as de-
scribed by Mattox et al. (1996) and Esposito et al. (1998). The likelihood
value, L, for a model of the number of γ-rays in each pixel of a region of the
map is given by the product of the probability that the measured counts
are consistent with the model counts assuming a Poisson distribution. The
probability of one model with likelihood, L1, better representing the data
than another model with likelihood, L2, is determined from twice the dif-
ference of the logarithms of the likelihoods, 2(ln L2− lnL1). This difference,
referred to as the test statistic TS, is distributed like χ2 with the number
of degrees of freedom being the difference in the number of free parameters
in the two models. The flux of the point source and the flux of the diffuse
background emission in the model are adjusted to maximize the likelihood.
The significance of a source detection in sigma is given approximately by
the square root of TS.
2.3. EGRET OBSERVATIONS
The 51 blazars listed in Table 1 were all detected by EGRET above 100
MeV during the period of EGRET observations from 1991 April to 1995
September (Phases 1 through 4 of CGRO) (Mukherjee et al. 1997). Some of
these blazar associations are not certain; Mattox et al. (1997a) find only 42
identifications to have high confidence. Conversely, some of the unidentified
high-latitude EGRET sources are likely to be blazars. In addition to the
42 considered strongest, Mattox et al. (1997a) note 16 possible associations
with bright flat-spectrum, blazar-like radio sources. Typically, each blazar
listed in Table 1 was seen in several different viewing periods (VPs). The
maximum and minimum fluxes observed for each blazar is indicated in
Table 1. A more complete list of blazar detections by EGRET may be
found in the third EGRET catalog (Hartman et al. 1998).
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